ABSTRACT In this paper, two novel bridge type dual input dc-dc converter topologies are introduced for integrating two input energy sources. Out of the two topologies, the latter topology is an improved version of the former one. Both converters have the capability to simultaneously deliver power to the load from the input energy sources. The major advantages of the improved converter as compared with the basic topology are its capability to perform the buck, boost, and buck-boost modes of operation using the same structure and the ability to deliver power to the load even with the failure of any one of the input energy sources. Hence, the detailed software simulation of the improved converter has been performed using MATLAB/Simulink platform. Different analyses have been conducted by considering the parameters, such as the equivalent series resistance of the passive elements in the converter and efficiency of the converter, for better validation of the converter performance. The hardware prototype of the improved converter has been developed in the laboratory environment and tested successfully. The proposed converters have certain merits like less component count, compact structure, and efficient energy utilization, compared with existing converter topologies, which are already reported in the literature.
The hybrid energy system is a highly promising technology which can accommodate different non-conventional energy sources to meet varying rural and urban electricity needs. The concept of Hybrid Energy System (HES) is incomplete without a proper power electronic interface [1] , [2] .
Conventionally, extensive use of parallel coupled single input DC-DC converters has been promoted to integrate multiple numbers of input sources. But, high system complexity, high cost, lower efficiency and dropping of compactness of the system are significant drawbacks of this method. The concept of Multiple Input DC-DC Converter (MIC) has been developed to nullify these demerits. Comparatively simple and compact structure, lower part counts, and higher efficiency are the potential merits of multiple input DC-DC converters (MICs) [3] [4] [5] . The isolated and non-isolated types of MIC are widely reported in the literature. In isolated topologies, the presence of multi-winding transformers provides electrical isolation but increases the system complexity and cost compared to non-isolated topologies. A flux additivity based MIC is proposed in [6] . Here, the sources are integrated in the magnetic form rather than electrical form. Hence the use of non-isolated MIC is favored in the applications where efficiency and cost of the system are significant concerns. A generalized approach for the development of MICs is illustrated in [7] [8] [9] . A MIC which is working on buck-boost operation is presented in [10] . A new MIC for solar -PV and fuel cell applications is proposed in [11] . A non-isolated MIC with bidirectional power flow capability for electric vehicle application is presented in [12] . The converter is well suited for the power management of hybrid energy storage systems. In [13] a dual input DC-DC converter is introduced for high/low voltage sources integration. A MIC for the bidirectional interfacing of DC voltage source is proposed in [14] . But the lower system efficiency due to the power losses associated with the reverse recovery currents of the output diodes is a major demerit of the converter.
A non-isolated MIC for solar-PV application is described in [15] . But the drawback of the converter is that it delivers power from one energy source at a time, and simultaneous power delivery from the input sources are not possible. The concept of a multiport DC-DC converter with a combination of DC-link and magnetic coupling is presented in [16] . A high step-up DC-DC converter and a multiple input voltage summation converter are reported in [17] and [18] . For n-input mode, the above converters require 'n' number of switches and inductors due to which the system becomes complex and expensive. The idea of MICs to manage the power flow from the input supply sources for electric vehicle application is discussed in [19] [20] [21] . A bidirectional MIC for fuel cell/EV application was developed in [22] . But due to the discontinuous input current, this converter is unsuitable for solar-PV or other renewable energy applications. An extendable multi input step-up DC-DC converter for the efficient integration of non-conventional energy sources is proposed in [23] . Even though the converter has higher voltage gain, the converter has n-inductors and capacitors, and 2n-1 number of diodes for the n-input condition, which increases the complexity of the system and reduces the compactness of the converter.
So, a large number of DC-DC converters are reported in the literature. The converters reported in the literature can be effectively used for hybridization of different energy sources for various applications. Some of them have limitations for simultaneous power delivery from the input energy sources; while others require sophisticated control strategies even though they are capable of individual and simultaneous power supply. Certain MICs have only unidirectional power flow capability which limits their use in applications like electric vehicle where bidirectional power flow capability is mandatory. In this paper, two dual input DC-DC converters are presented in which one converter is the improved form of the other converter. The efficiency of DC-DC converter heavily relies on the total number of components present in the converter. The converters introduced in this paper have higher efficiency compared to other MICs reported in the literature due to its simple and compact structure. Here the proposed topologies can be named as Bridge type Dual Input DC-DC (BDC) Converter and Improved Bridge type Dual Input DC-DC (IBDC) converter. Actually, IBDC converter is derived from BDC converter. The principle of operation and working modes of both converters are discussed in the following sections. The proposed IBDC converter is capable of performing the basic operations of a DC-DC converter such as buck, boost and buck-boost. This converter is also capable of supplying power from the input sources individually and simultaneously. Detailed study of the IBDC converter has been carried out for validating the converter performance.
II. DUAL INPUT DC-DC CONVERTERS
In this section, the detailed description of both BDC and IBDC converters are illustrated. Initially, the analysis of BDC converter is explained with necessary circuit diagrams followed by the detailed working description of IBDC converter.
A. BRIDGE TYPE DUAL INPUT DC-DC (BDC) CONVERTER
The converters mentioned in many of the literature are capable of only the individual power delivery from the connected energy sources to the load. Hence a novel DC-DC converter is introduced in [24] which is proficient in supplying power to the load either individually or simultaneously. The circuit representation of BDC converter is shown in Fig. 1 . Here, two input energy sources, i.e., V 1 and V 2 are considered for the analysis of the BDC converter. The power flow between the input sources and the load is managed by adjusting the duty ratios of power switches (S 1 , S 2 and S 3 ) available in the converter. The analytical waveforms of both BDC and IBDC converters in steady state condition are given in Fig. 2 . Four Operating states of the BDC converter based on the analytical waveforms are shown in Fig. 3(a-d) . Operating State-1: In this state, the switch S 1 is turned ON, while the switches S 2 , S 3 and diode D are turned OFF. So the source V 1 charges the inductor as shown in Fig. 3(a) .
Operating State-2: Here, the switch S 2 is turned ON, while the switch S 1 , S 3 and diode D are turned OFF. Thus the source V 2 charges the inductor as shown in Fig. 3(b) .
Operating State-3: In this state, only the switch S 3 is operating as shown in Fig. 3(c) which helps to make a series connection of input energy sources together. Therefore, in this operating state, the inductor is charged by the simultaneous contribution from both voltage sources. This is one of the potential merits of the proposed converter in which the individual and simultaneous utilization of both input sources are possible [24] .
Operating State-4: In this state, switches S 1 , S 2 , and S 3 are turned OFF. Thus the stored energy in the inductor simultaneously charges the capacitor and supplies the load through the diode D which is forward biased as shown in Fig. 3(d) .
Even though the proposed BDC converter has the merit of supplying the connected energy sources individually and simultaneously, it operates only in the buck-boost type of operation which can be easily noticed from the circuit shown in Fig. 1 which pulls down the significance of the converter in a wide variety of applications. To overcome this problem, the proposed BDC converter has been modified by adding an extra power switch and diode to make it possible to perform all the possible operations of the DC-DC converter such as buck, boost and buck-boost modes. Since the converter is an improved form of the BDC converter, it can be named as Improved Bridge type DC-DC (IBDC) converter.
B. IMPROVED BRIDGE TYPE DUAL INPUT DC-DC (IBDC) CONVERTER
The basic circuit representation of IBDC converter is shown in Fig. 4 . The IBDC converter contains four power switches (S 1 , S 2 , S 3 and S m ) and two diodes (D 1 and D 2 ). If the IBDC converter needs to operate in the bidirectional mode, the diodes must be replaced by the power switches with an anti-parallel diode. By doing this, it is possible to operate the IBDC converter in the bidirectional mode which is an essential feature for the electric vehicular application, wind energy conversion system, etc. The individual and simultaneous operation of the input energy sources of the converter is accomplished by controlling the power switches S 1 , S 2 , and S 3 . The possible operating modes of the IBDC converter (boost, buck-boost and buck) are decided by the conduction of the power switch S m , and the two diodes available in the converter. The IBDC converter has four operating states in buck-boost operation as shown in Fig.5(a-d) , and the details are briefly mentioned in Table 1 . The operating states of the IBDC converter in buck-boost operation are same as the operating states of the BDC converter as mentioned earlier. For the simple representation of the circuits in different operating states, the power switches in Fig. 4 have been represented as SPST switches in all the three modes of operation.
C. BUCK AND BOOST OPERATION OF IBDC CONVERTER
The proposed IBDC converter is capable of buck and boost operations also. These operations can be achieved by a proper control of different semiconductor switches available in the IBDC converter. The converter operating states under buck operation is illustrated in Fig. 6 
(a-d).
State 1: During state 1, the switch S 1 and diode D 2 are in conduction, while all other switches are non-conducting. So, the inductor is charged by the source V 1 as shown in Fig. 6 
(a).
State 2: Here only the switch S 2 and diode D 2 are in conduction. So, the source V 2 charges the inductor as shown in Fig. 6 
(b).
State 3: In this state, the inductor is charged by both the input sources (V 1 + V 2 ), which are connected in series. The power switch S 3 is in conduction to make the input sources in series as given Fig. 6 
(c).
State 4: This state is similar to that of the freewheeling state of buck-boost operation of the converter. Here, the stored energy in the inductor is delivered to the load through diodes D 1 and D 2 .
Boost Operation: The operating states (state 1 and state 2) of the converter in boost operation are depicted in Fig. 7 (a) and Fig.7(b) . From the figures, it can be noticed that these working states are exactly same as the state 1 and state 3 of the converter in buck-boost operation ( Fig. 5(a) and Fig. 5(c) ), which is already described. The third working state of the converter in boost operation is shown in Fig. 7 (c). In this state, switch S 2 is turned ON while the switches S 1 , S 3 and S m are turned OFF. Hence in this state, the inductor is charged by the source V 2 and simultaneously supplies power to the load.
D. ANALYSIS OF THE IBDC CONVERTER
The analysis of the IBDC converter in Continuous Conduction Mode (CCM) has been carried out in buck-boost operation under steady state condition. The inductor voltage and current variations of the converter are already shown in Fig. 2 for the change of operating states over a single switching cycle. The necessary analytical equations of the IBDC converter under four different working states which are already discussed at the beginning of this section are given below.
State 1: In this state, the inductor voltage is V 1 . Since the inductor voltage is a positive value (i.e., V 1 ≥ 0), the current through the inductor linearly rises from the initial value (i.e., I L(0) ). So the value of inductor current is obtained as given in (1) .
State 2: In this state, the voltage across the inductor is V 2 . Here it is considered that V 1 ≥ V 2 , hence the slope of the inductor current is smaller than the preceding interval. So, the inductor current during this interval is given in (3) .
State 3: In this state, the voltage across the inductor is V 1 + V 2 . Since the inductor voltage in this state is higher compared to the previous states, the inductor current slope is larger than the last interval. The value of inductor current during this state is given in (5) .
State 4: In this state, the energy stored in the inductor is delivered to the load through diodes D 1 and D 2 . So, the inductor current can be derived as:
In this case, Here, the inductor voltage is negative, (i.e., −V o < 0) so the inductor current decreases from its previous value (I L(2) ). As per the volt-second balance equation, the expression for voltage in terms of average values of the input voltage and the output voltage is given as: From the above expression, the output voltage of the converter is given in (10) .
For a lossless system, it is assumed that the input and output power of the converter are equal as given in (11) .
Hence, the output current of the converter is expressed as given in (12) .
After substituting the value of V 0 from (10) in (12), the expression of I 0 is obtained as:
Here it is possible to express the average value of source current I 1 , I 2 and I 3 in terms of the inductor current, as
Hence, by substituting the average values of I 1 , I 2 and I 3 in terms of inductor current in (13) , the output current is depicted as given below:
Finally, the expression for I 0 after simplifying (14) is given as:
From (15), the expression for inductor current I L is obtained as:
After substituting the value of I L from (16), the value source currents I 1 , I 2 and I 3 is derived as
Finally, the relation between the source currents with respect to duty ratios is depicted as:
From (17), it is clear that the average source current can be varied by adjusting the duty ratios of the corresponding switches.
The mode selection switch S m is in ON condition during the
in the buck-boost operation of the converter. Hence the duty ratio of S m is taken as d m where it is equal to (d 1 +d 2 +d 3 ) . So the volt-second balance expression given in (9) is generalized as given in (18) .
Where, V in is the average value of input voltage sources. So the general expression for the voltage gain of the proposed VOLUME 5, 2017 IBDC converter is given as:
The brief description of buck, buck-boost and boost operation of the IBDC converter is illustrated in Table 2 .
E. EFFECT OF PARASITIC RESISTANCE OF THE PASSIVE ELEMENTS IN THE VOLTAGE GAIN OF THE IBDC CONVERTER
The inductor and capacitor available in the DC-DC converter are not ideal components with only inductance and capacitance. Hence in the practical system, a series resistance is added with the inductor and capacitor to treat them as ideal components. This resistance can be termed as ''Equivalent Series Resistance (ESR)'' of the inductor and capacitor. Various analyses of the proposed IBDC converter are carried out by considering the ESR of the inductor and capacitor available in the converter. The circuit representation of the proposed IBDC converter with the ESR is shown in Fig. 8 . 
1) EFFECT OF INDUCTOR ESR ON THE VOLTAGE GAIN OF THE IBDC CONVERTER
The ESR of the inductor has a significant influence on the voltage gain of the IBDC converter. The inductor voltage of the converter after considering the ESR of the inductor in buck-boost operation is given as follows:
Where, r L_esr is the ESR of the inductor.
Hence in a general form, the volt-second balance expression including the inductor ESR is depicted as follows:
After simplification of (21), the expression of the average input voltage of the converter is derived as follows:
After substituting the value of I L which is given in (16), in (22) , the average input voltage of the converter is derived as follows:
In (16), let (23) is rewritten as:
The expression of V in is obtained as given below
Finally, from (25) the voltage gain of the IBDC converter by considering the inductor ESR is formulated as follows:
Hence by comparing the expressions of the voltage gain in (19) and (26), it can be concluded that the equivalent series resistance of the inductor reduces the voltage gain of the proposed IBDC converter.
2) EFFECT OF CAPACITOR ESR ON THE VOLTAGE GAIN OF THE IBDC CONVERTER
Like inductor ESR, the ESR of the capacitor also has some impact on the voltage gain of the converter. The inductor voltage of the converter after considering the ESR of the capacitor in buck-boost operation is given as follows:
Where r C_esr is the ESR of the capacitor.
The volt-second balance expression including capacitor ESR is formulated as follows:
After simplifying the above equation, the value of the average input voltage is given as follows:
By substituting I L = I 0
in the above equation, the average input voltage is given as follows:
The voltage gain of the IBDC converter by considering the ESR of the capacitor is derived as follows:
From the expressions of the voltage gain which are given in (19) and (31), it can be observed that the equivalent series resistance of the capacitor reduces the voltage gain of the proposed IBDC converter.
F. CONTROL STRATEGY FOR IBDC CONVERTER
A MIC should be proficient in extracting different amounts of power from the connected input energy sources while maintaining the proper power supply to the load with the regulated output voltage. So, an appropriate control strategy is a requisite for resolving the power management problems in a MIC. The power control strategy is mainly dependent on the type of input energy sources connected where the dynamic and steady state response of the connected sources are different. Hence, a power control algorithm which can consider the steady state and dynamic characteristics of each connected source would be a better choice for MIC.
1) CONTROL STRATEGY BASED ON AVERAGE CURRENT MODE METHOD
In this paper, a simple power control strategy has been designed and its overall block diagram is shown in Fig. 9 . The concept of Average Current Mode (ACM) control of typical power electronic converters has been used for the design of the proposed power control strategy. The ACM control includes either load side control or source side control. In load side control, the current through the inductor is directly monitored and controlled to regulate the load voltage; while in source side control, the inductor current is indirectly controlled by monitoring the respective source currents for a given load condition. The dynamic response of the load side control is poor, even though they have fewer sensor requirements. So the source side control is well suited for the effective utilization of the connected energy source with an excellent dynamic response. Hence in this work, source side control is implemented. Here, the output voltage is sensed and compared with the reference value. The error has been fed back to a voltage controller (VC) which gives the reference current at the output. In the next stage, scaling of the generated reference current signal has been carried out by the scaling factors derived from the input and output power relationship. The scaling factors Z 1 , Z 2 , and Z 3 are considered for generating individual reference currents and can be varied between 0 to 1 (ie.,
Here, the generated individual reference currents are then compared with the actual source currents, and the error has been processed by a current controller that generates PWM pulses for IBDC converter. In this work, PI controller is used to realize voltage and current controllers.
The gain parameters of these controllers are determined by output voltage to duty ratio and source currents to duty ratio transfer functions obtained from the small signal model of the proposed converter. Here, as the individual reference currents are different for each source current, the power drawn from each source will be different. The variation in particular source current can be clearly indicated by the variation in corresponding scaling factor from 0 to 1. Hence by using this control strategy, it is easy to control the duty ratios of the power switches present in the IBDC converter so that a wellregulated output voltage can be achieved under load side and source side disturbances.
2) CONTROL STRATEGY BASED ON ONE CYCLE CONTROL METHOD
In addition to the above method, a control strategy has been implemented for the proposed IBDC converter with One Cycle Control (OCC) method and the schematic representation of voltage regulating system using OCC shown in Fig. 10 for buck-boost operation. The OCC is helpful for reducing the control complexity by avoiding the control loop interactions. Since it is a nonlinear control strategy, it takes the merits of nonlinear characteristics of power converters and provides instant dynamic control of the switched variable [25] , [26] . In this method, the average value of switched variable will reach a new steady state condition within one switching cycle followed by a transient condition. The steady-state or dynamic error between the control reference and the average value of the switched variable will be zero in OCC. Hence, OCC is an efficient control method that gives a quick dynamic response, excellent rejection of source side and load side disturbances, robust performance, and instantaneous switching error correction. A multi-input converter under PWM control needs PI controller in voltage control loop and current control loop. These PI controllers should be redesigned till the stability, and satisfactory dynamic responses are achieved. In OCC, there is no requirement of PI controller which significantly reduces the complexity in closed loop design procedures. Here the operation of series switch S 3 alone is considered in OCC for ease of explanation. In this case, two sources supply power to the load simultaneously. So, the average voltage across the diode D 1 is assumed to be equal to the output voltage V 0 by neglecting the drop across the passive elements.
Hence V D1 is considered as the control variable for output voltage regulation. Thus the voltage regulating system modulates the duty ratio of the switch S 3 such that the average value of V D1 follows the reference voltage in each switching cycle, thereby providing a well-regulated output voltage even if there is a step change in source or step change in load.
As shown in Fig. 10 , the voltage regulating system comprises an inverter, a resettable integrator, a comparator, a controller and a clock. The constant frequency clock simultaneously turns on S 3 and activates the integrator at the beginning of each switching period. Thus V D1 is integrated and compared with control reference. When the integrated value reaches the control reference Vref, the comparator changes its state. As a result, S 3 is turned off, and the integrator is reset to zero until the next clock pulse comes. This ensures fast rejection of load side and source side perturbations which enhance the importance of OCC in MICs.
III. RESULTS AND DISCUSSION

A. SIMULATION RESULTS
The simulation of the IBDC converter is performed using MATLAB/ Simulink platform. The parameters considered for the simulation and experimental purpose of IBDC converter are given in Table 3 . The results of IBDC converter obtained from the simulation studies for buck, buck-boost and boost operation are shown in Fig. 11 and Fig. 12 . The simulation results for buck operation are illustrated in Fig. 11 (a & b) . From the figure, it is evident that the charging voltages of the inductor are 30 V (i.e., V 1 -V O ) for duty ratio d 1 , 10 V (i.e., V 2 -V O ) for duty ratio d 2 and 60 V (i.e., V 1 + V 2 − V O ) for duty ratio d 3 . Finally, the discharging voltage of inductor is −20 V (i.e., −V O ) for the remaining period. Similarly, the performance of the IBDC converter under boost operation is depicted in Fig. 11(c & d) . Initially, the inductor is charged by a voltage of 50 V (i.e., V 1 ) for a duty ratio d 1 , and then it is charged by a voltage of 30 V (i.e., V 2 ) till the switch S m is turned OFF. Finally, the energy stored in the inductor is delivered to the load with a discharging voltage of −70
The results of the IBDC converter for buck-boost operation are shown in Fig. 12(a-d) for the duty ratio less than 0.5, and greater than 0.5. In both cases, the inductor is charged by a voltage of 50 V (i.e., V 1 ), 30 V (i.e., V 2 ) and 80 V (i.e., V 1 + V 2 ) for duty ratios d 1 , d 2 and d 3 respectively. Then the stored energy in the inductor is discharged with the voltages of -20V and -100 V for the operation of the IBDC converter with duty ratio (i.e., d 1 + d 2 + d 3 ) less than 0.5 and greater than 0.5 respectively.
B. EXPERIMENTAL RESULTS
The feasibility and performance of the IBDC converter have been verified by developing an experimental prototype in the laboratory environment. Generation of the switching pulses and interfacing with the experimental prototype in real time condition is realized with the help of dSPACE 1104 real time digital controller. The switching frequency of 20 kHz is considered for generating the pulses. In this work, the power switches for IBDC converter are realized by FGH40N120AN IGBT switches, and the diodes are realized by MUR 860 fast recovery diodes. The performance of the converter for all three types of operation such as buck, boost and buckboost has been verified. The waveforms obtained from the experimentation are shown in Fig. 13 (a-d) . The output voltage of the converter is 20 V for buck operation ( Fig. 13(a) ), and buck-boost operation with duty ratio < 0.5 ( Fig. 13(b) ). The output voltage is 100 V for buck-boost operation with duty ratio > 0.5 and boost operation also (Fig. 13(c) ) and Fig. 13(d) ). The experimental waveforms of the IBDC converter when the series switch S 3 is operating as the second switch are shown in Fig. 14 (a-b) for the buck and buckboost operations. Hence from the analysis, it is noticed that A transient analysis has been carried out to perceive the dynamic behavior of the converter under load and source side perturbations in the buck-boost operation of the IBDC converter using ACM method. The output voltage response due to the load changes is shown in Fig. 15 (a) . Here, the output voltage is regulated at the desired value of 100 V VOLUME 5, 2017 under sudden variation of load current from 0.4 A to 1.2 A. Similarly, the output voltage is well regulated at the same value for the step fall of load current from 1.2 A to 0.4 A.
The dynamic behavior of the IBDC converter under varying source conditions is shown in Fig. 15(b) . Here, the load is initially supplied by both sources together for a short period. Suddenly, source 1 becomes zero (i.e., a step fall in the source voltage V 1 from 50 V to 0 V) and a small change is observed in the output voltage and load current due to this effect. Similarly, after a short duration the source 1 is back into the operation (i.e., step rise in V 1 from 0 V to 50 V) and corresponding output voltage and load current response are analyzed. In both the conditions, the output voltage and current maintain their required values even after small variations. The settling time of the converter output voltage for the step variations in source voltage using ACM method is measured and the obtained value is 500 ms which is marked Fig. 15(b) . So, from Fig. 15(a) and Fig. 15(b) , it can be observed that though there are severe changes in the load current and source voltage values, the output voltage is well regulated at the desired value in a comparatively faster manner.
The experimental waveforms of the converter output voltage and load current response due to the step variations in the load using OCC method are shown in Fig. 16 (a) . Similarly, the output voltage and inductor current response due to the sudden load variations are shown in Fig. 16(b) . From the figures, it can be clearly observed that the output voltage of the IBDC converter is well regulated at the desired value of 100 V (buck-boost operation with duty ratio>0.5) with a faster dynamic response under sudden load changes compared to the ACM method shown in Fig. 15(a) which shows the efficient operation of the developed OCC in load side perturbation rejection. The experimental waveforms of the output voltage and load current response under step variation in one of the source voltage are shown in Fig. 17(a) .
From Fig. 17(a) it is observed that the converter output voltage and load current is well regulated at their desired values without any prominent deviation for the step variations in source voltage. Here in OCC method, the step change in source voltage 2 (i.e., 0 V to 30 V and 30 V to 0) is considered for the transient analysis. In order to verify the dynamic response of the converter under sudden source variations in OCC method, the settling time of the converter output voltage has been calculated, and the obtained value is 4ms for step rise and fall in source voltage which is shown in Fig. 17(b) . Hence compared to the settling time of the output voltage using ACM method (i.e., 500ms (Fig. 15(b) ) the value VOLUME 5, 2017 of settling time of the output voltage using OCC method (i.e., 4ms ) is very small which shows the excellent improvement in the dynamic behavior of the converter using OCC method. Finally, the value of efficiency over varying load condition is depicted in Fig. 18 . From the figure, it can be concluded that the proposed IBDC converter has good efficiency profile compared to other topologies which are reported in the literature. The efficiency of the IBDC converter can be improved further by adopting the optimum design of the components available in the converter.
IV. CONCLUSION
Two novel dual input bridge type DC-DC converter (BDC converter and IBDC converter) topologies are proposed in this paper for the integration of hybrid energy sources. Initially, the description and modes of operation of the BDC converter have been presented and then, the detailed analysis of the improved IBDC converter derived from BDC converter has been carried out for three possible modes of operations such as buck, boost an buck-boost. The effect of ESR of the passive elements (capacitor/inductor) in the voltage gain of the converter has been analyzed in a detailed manner. From the ESR analysis, it has been found that the ESR of the inductor and capacitor significantly reduces the voltage gain of the converter . The experimental analysis of the IBDC converter is performed in a comprehensive manner to validate the simulation results. The steady state and dynamic behavior of the IBDC converter are observed using the transient analysis of the converter. Two control strategies (ACM and OCC) have been developed and tested for the regulation of the output voltage at the required value, and the results are compared. From the transient analysis of the IBDC converter in the experimental platform, it is found that OCC method offers excellent dynamic response compared to the ACM method. The BDC and IBDC converters have the compact structure and less component count which enhances their importance in aerospace, microgrid and smart grid applications.
